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Abstract

Background: Lumpy Skin Disease (LSD) is an infectious disease induced by the Capripoxvirus, causing epidemics in
Turkey and several countries worldwide and inducing significant economic losses. Although this disease occurs in
Turkish cattle every year, it is a notifiable disease. In this study, LSD in Turkey was modelled using the Susceptible,
Exposed, Infectious, and Recovered (SEIR) epidemiological model, and production losses were estimated with
predictions of the course of the disease. The animal population was categorized into four groups: Susceptible,
Exposed, Infectious, and Recovered, and model parameters were obtained. The SEIR model was formulated with an
outbreak calculator simulator applied for demonstration purposes.

Results: Production losses caused by the LSD epidemic and the SEIR model’s predictions on the disease’s course
were evaluated. Although 1282 cases were identified in Turkey during the study period, the prevalence of LSD was
calculated as 4.51%, and the mortality rate was 1.09%. The relationship between the disease duration and
incubation period was emphasized in the simulated SEIR model to understand the dynamics of LSD. Early detection
of the disease during the incubation period significantly affected the peak time of the disease. According to the
model, if the disease was detected during the incubation period, the sick animal's time could transmit the disease
(Tinf) was calculated as 2.66 days. Production loss from LSD infection was estimated at US $ 886.34 for dairy cattle
and the US $ 1,066.61 for beef cattle per animal.

Conclusion: Detection of LSD infection during the incubation period changes the course of the disease and may
reduce the resulting economic loss.
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Background

Lumpy Skin Disease is a capripoxvirus in the family pox-
viridae transmitted by vectors among domestic cattle. It
is a viral disease characterized by nodules, weakening of
the skin, enlargement of lymph nodes, edema in the
skin, and sometimes death [13, 44]. Although the disease
is usually recorded in endemic areas at regular intervals,
it can rapidly spread to cause epidemics in a region or a
country [9].

Large-scale animal movements from East Africa to
Palestine, Jordan, and Saudi Arabia occurred in 2008-
2013. These animal movements have spread towards
Syria, Iran, and Iraq, which share land borders with
Turkey. It has been reported that there is a high level
of animal activity just before the Eid Qurbani and
that the risk of transmission between countries in-
creases the risk of infectious diseases [13]. The fact
that the Turkish provinces where the disease was de-
tected in 2013 are geographically close to these coun-
tries raises the possibility of LSD coming from these
countries [7].

Loss of body weight [14], spontaneous abortion (Vor-
ster and Mapham, 2008), mastitis, decreased milk yield
[42], damaged skin [20], and damaged carcasses [27] in
cattle affected by the LSD cause severe production-
related economic losses. Moreover, vaccination, treat-
ment costs [42], restriction of animal movements, and
eradication practices also cause significant financial
losses [45].

Modelling animal epidemics' identification and dynam-
ics contributes significantly to their control, treatment,
and eradication by explaining the disease's transmission
behaviour. The data provided by modelling methods
during the formative phase of animal epidemics form
the basis of defining useful scenarios for combating the
disease. Early detection of infectious diseases and some
intervention measures, combined with the temporary re-
striction on animals' movement, can significantly reduce
the epidemic's infectivity and the adverse effects of the
disease [26]. The SEIR model is widely used in modelling
animal epidemics. This model has previously been used
to successfully model animal epidemics such as bovine
brucella [38], contagious bovine pleuropneumonia [5, 6],
rabies [39], swine influenza [29], avian influenza [35]
and equine influenza [33].

In this study, LSD in Turkish cattle was modelled
using the SEIR epidemiological model. Production losses
in dairy cattle and beef cattle were calculated together
with predictions about the course of the disease.

Results
The epidemiological findings of LSD infection in Turkey
in 2019 are presented in Table 1.
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From Table 1, Kocaeli was the province with the most
disease outbreaks (n = 19), and the month in which the
most disease outbreaks are recorded was August (n =
41). The highest fatality rate (100%) and mortality
(11.54) were recorded in Malatya, and the highest preva-
lence of the disease was observed in Diizce (25.45%).
The epidemic outbreaks, mortality, LSD prevalence, and
fatality rate by province are presented in Fig. 1. Although
1282 cases were recorded in Turkey during the study
period, the average prevalence of the LSD epidemic was
4.51%, the fatality rate was 24.10%, and mortality was
1.09%.

When the epidemic outbreak, prevalence, fatality rate
and mortality rate are examined in Fig. 1, it is seen that
the disease is concentrated in the eastern and southern
border provinces of Turkey.

The current status of the disease, created using the
SEIR model in the epidemic calculator with the 2019
data of LSD infection, is presented in Fig. 2.

When Fig. 2 is examined, the number of susceptible
cattle population is 18.074.267. Although an infected
animal infects 0.87 (RO) animal during the disease
process, the rate of transmission to the animal decreases
to 0.43 (Rt) after the peaked period (40th day) of the
disease.

The dynamics of LSD infection modelled using the
SEIR epidemic model are presented in Fig. 3. Early de-
tection of the disease during the incubation period was
observed to significantly affect the disease's peak time. If
the disease was detected during the incubation period
using the model, the patient would remain contagious
(Ting) for only 2.66 days. When this situation was evalu-
ated in terms of the disease diagnosis, a one-unit change
in the incubation period caused a 2.66-fold difference in
the number of patients, mortality rate, and the number
of dead animals, which directly affected the economic
losses caused by the disease.

In Fig. 4, when the disease is early detected during the
incubation period (Ty,e 2.66), the dynamics of LSD in-
fection using the SEIR epidemic model is represented.

The production losses and rates per infected animal in
Turkey are presented in Table 2.

From Table 2, the total loss is calculated as 568,144.50
USD for dairy cattle and 683,695.13 USD for beef cattle.

Discussion
Although Turkey’s first LSD epidemic occurred in the
Kahramanmaras province to the south of the country in
2013, the disease spread to the Southeastern and Eastern
Anatolian regions until the end of 2019 (Fig. 1).
According to a study that analyzed the publicly avail-
able LSD epidemic data in the Middle Eastern countries
from 2012 to 2015, the high-risk areas were countries in
the Middle East's north-eastern part. On the other hand,
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Table 1 Number of outbreaks, cases, deceased, and destroyed animals by city

Province  Number of Outbreaks Suspicious Case Dying Destruction/Culling Fatality Rate (%) Prevalence (%) Mortality (%)
Adiyaman 2 38 7 4 3 57.14 1842 10.53
Agri 8 2266 40 14 26 35.00 1.77 0.62
Artvin 3 206 15 3 12 20.00 7.28 146
Diyarbakir 11 361 36 9 27 25.00 9.97 249
Elazig 8 422 51 7 44 13.73 12.09 1.66
Erzincan 2 175 14 1 13 714 8.00 0.57
Erzurum 15 7856 142 36 106 2535 1.81 0.46
Eskisehir 1 315 3 1 2 3333 0.95 032
Bayburt T 139 5 3 2 60.00 3.60 216
Hakkari 3 392 46 9 37 19.57 11.73 2.30
Kocaeli 19 581 93 12 81 12.90 16.01 207
Malatya 1 26 3 3 0 100.00 11.54 11.54
Mardin 6 124 19 5 14 26.32 1532 4.03
Mus 15 4644 61 30 31 49.18 1.31 0.65
Sakarya 2 1977 43 10 33 23.26 218 0.51
Samsun 5 1660 95 18 77 18.95 572 1.08
Siirt 7 128 22 7 15 31.82 17.19 547
Tokat 1 17 2 1 1 50.00 11.76 5.88
Trabzon 9 1331 172 28 144 16.28 1292 2.10
Tunceli 1 34 3 0 3 0.00 882 0.00
Sanliurfa 7 377 66 15 51 2273 17.51 398
Sirnak 7 392 36 9 27 25.00 9.18 2.30
Batman 3 321 50 23 27 46.00 15.58 717
Van 15 841 74 17 57 2297 8.80 202
Bitlis 7 309 49 16 33 32.65 15.86 5.18
Konya 1 90 3 0 3 0.00 333 0.00
Gaziantep 4 309 47 1" 36 2340 15.21 3.56
Kars 3 774 19 6 13 31.58 245 0.78
Igdir 10 2274 52 10 42 19.23 229 044
Dizce 2 55 14 1 13 7.4 2545 1.82

Israel and Turkey were the most vulnerable to LSD out-
breaks [3]. As a matter of fact, in the study, LSD epi-
demic outbreaks were intensely observed in provinces
close to the border of Turkey, which corresponds to the
Northeast part of the Middle East (Fig. 1).

Another study examined 611 cattle suspected of LSD
infection in different farms in Turkey between July 2014
and June 2015, and reported the morbidity rate as
12.31%, the mortality rate of 6.45%, and case fatality rate
of 52.4% [42]. In our study, although 1282 cases were
detected in 2019, the prevalence of the LSD epidemic in
Turkey was 4.51%, the fatality rate was 24.10%, and mor-
tality was 1.09%. Compared to the studies conducted
during previous years, this study's findings indicate the
success of vaccinations conducted against LSD infection
in Turkey. As a matter of fact, cattle are vaccinated free

of charge by the state until the end of June every year
within the scope of combating LSD throughout Turkey
[36].

Studies conducted on non-vaccinated animals have re-
ported a morbidity rate from LSD as 42.6% and the mor-
tality rate as 10.2%. In contrast, in a vaccinated
enterprise, the morbidity rate was 4.7% and the mortality
rate was 1% [1]. Accordingly, if it is necessary to com-
pare the vaccination costs and production losses in the
fight against the disease, the preference should favor ani-
mals' vaccination. In studies conducted, the financial
benefits of the vaccination program were estimated
using a partial budget analysis. The net benefit per ani-
mal in Holsteins was calculated as USD 19, and the
losses due to LSD decreased by 31% following vaccin-
ation [14]. The current cattle population in Turkey is
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Fig. 1 Map of epidemic outbreaks, mortality, LSD prevalence, and fatality rate by province
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vaccinated free of charge against LSD within the Agri- obtained in the study is similar to the mortality rate ob-
culture and Forest ministry's scope of the vaccination tained in the vaccinated enterprises in Jordan [1]. In a
program. In this context, 94.55% of the current cattle as- study conducted on Holstein Friesian animals in
sets were vaccinated against LSD in the 2019 vaccination  Ethiopia, the incidence of LSD infection was reported as
program [37]. As a matter of fact, the mortality rate we  33.9%, and the annual mortality rate was 7.43% [14]. In
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Jordan, the mortality rate was 1.9%, and the fatality rate
was 7.5% [2]. In a study conducted on 4430 cattle in 243
herds affected by LSD infection in the central and north-
western parts of Ethiopia, the morbidity rate was calcu-
lated as 21.2%, and the mortality rate was 4.5% [28]. In
another study analyzing data on 77 outbreaks of LSD in
Uganda between 2002 and 2016, the morbidity rate was
4.77%, the mortality rate was 0.03%, and the case fatality
rate was 0.72% [30].

The dissemination of viral diseases and disease model-
ling in animals and revealing the ideal protection-
control programs through the developed models will en-
able correct vaccination schedules. On the other hand,
with the outputs obtained from the developed models,
when zoonotic diseases are considered, indirect and dir-
ect gains can be made in terms of public health.

It is known that LSD has an incubation period. It is as-
sumed that we cannot infect animals that are not sick
during this time. S (susceptible) represents healthy ani-
mals. They are animals that carry the E (exposed) dis-
ease but do not transmit it. I (infected) animals identify

those exiting the system by death/culling. R (recovered)
are animals that have recovered and become immune to
the disease for a period of time. Mathematical systems
whose epidemic models are used to predict the course of
the disease may have critical effects on real life. Since
the parameters in these models are calculated with real
data, they can give an idea of the transparency of the
shared phenomena. There will be much more burden on
economies and animal health systems when the issue is
not understood in full transparency. These models,
which are the basis for monitoring and predicting the
spread of infectious animal diseases, can better reflect
real life by using system dynamics and agent-based
simulation models.

In order to reduce the RO value to the range of 0.20-
0.40 and the Rt value to the range of 0.10-0.20 for LSD,
the vaccination schedule and vector struggle in the fight
against the disease should be done at the right and ideal
time according to the model we have created. Vaccin-
ation activities within the scope of combating LSD in
Turkey are completed at the end of June. However, in
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Table 2 Production losses due to LSD in Turkey
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Dairy cattle Beef cattle
Loss Type Total Loss per Animal Ratio Total Loss per Animal (US$) Ratio
Loss (US$) (%) Loss (%)
(US$) (US$)
Loss of Milk 29,918.88 46.68 527 - - -
Body weight loss 34,089.36 53.18 6.00 40.519.65 63.21 593
Carcass meat loss 478,978.88 747.24 84.31 621.086.07 968.93 90.84
Spontaneous Abortion and Still Birth loss 8,590.33 13.40 151 - - -
Loss of skin 16,567.06 25.85 292 22.089.41 3446 323
Total Loss 568,144.50 886.34 100.00 683.695.13 1,066.61 100.00
The calculations made in Turkish Lira () were converted into USD using the exchange rate in the relevant period (Average exchange rate: USD1= 7.83)

order to achieve the success of the LSD protection con-
trol program, it is most critical to complete the fight
against the vector before the vaccination program, taking
into account regional and seasonal differences. Vector
activity increases in Turkey due to the warming of the
weather in June. In this context, it is recommended to
complete the vaccination program in May in order to
reach the ideal values in the model. By using the SEIR
model in combating LSD, new and different solutions
have been proposed to reduce the economic losses
caused by the disease.

In simulations using the SEIR epidemic model, the
detection of LSD infection during the incubation
period changed the disease course, causing a decrease
in production loss due to the infection (Fig. 3). In the
current calculation in the study (50% dairy cattle
-50% beef cattle), production losses due to LSD infec-
tion are valued at US $ 886.34 per female and the US
$ 1,066.61 per male animal. The main difference in
the value loss calculated in beef cattle and dairy cattle
is that the economic value of carcass meat loss in
male animals is 30% higher than that of females. This
is a huge economic loss for Turkey, which is an im-
porter of red meat. In addition, these losses per beef
cattle and dairy cattle create economic difficulties for
producers who earn their livelihood with livestock.
On the other hand, even though LSD is a compensa-
tory disease, failure to pay this compensation to pro-
ducers on time increases the size of the damage. In
the model framework, putting forward protection-
control strategies in combating the disease will enable
a decrease in the number of animals to be slaugh-
tered and the amount of compensation to be paid.

In the research made to calculate the economic losses
caused by LSD; The focus has been on direct economic
losses resulting from the disease. However, it has been
noticed that indirect economic losses are ignored (Ince
et al.). In calculating financial losses due to LSD, only
the number of animals diagnosed with LSD was calcu-
lated in the examinations made over the samples sent to

the laboratories. In addition, treatment and vaccination
costs have been mentioned in LSD disease, but this dis-
ease vaccination (in Turkey) is a free, untreated and no-
tifiable disease (Sevik and Ince). Unlike other studies, in
the methodology we use in calculating the economic
losses caused by LSD, taking into account the gender
difference in indirect losses (carcass loss, skin loss, milk
loss and waste calf loss), it is handled with a comprehen-
sive calculation method throughout Turkey.

In a study conducted in Ethiopia, over 94% of the herd
owners reported LSD to be a significant problem for cat-
tle production, and 92.2% of LSD cases affected cattle
marketing. The average loss per animal in the Holstein
breed due to deaths was estimated at USD 1250, that for
a lactating cow was USD 216, while the diagnosis and
drug cost per animal was USD 5. The average total fi-
nancial loss due to an LSD epidemic at the herd level
was reported to be USD 1176, and the largest loss com-
ponents were deaths (USD 1000) and milk loss (USD
120) [28].

In a study aiming to measure the cost of disease and
control measures applied for LSD patients in Albania,
Bulgaria, and Macedonia between 2016-2017, the total
cost due to the disease in the three countries was calcu-
lated to be 20.9 million Euros. (Million USD 25.45).
Also, the cost per animal in the affected herds in the
above countries was calculated as 539 (USD 656),
147(USD 179), and 258 (USD 314) Euros, respectively
[8].

In a study conducted in Nigeria between August 2017
and January 2018, LSD-infected animals' slaughter or
sale at low prices in flocks was adopted as a common
coping strategy. In this case, the farmers reported that
they had to sell the animals for 47% lower than their
average value [24]. However, the fact that the vaccin-
ation program is at the forefront in the protection-
control strategy applied in Turkey and the obligatory no-
tification of the disease and the culling by paying the
compensation does not make it possible to sell the in-
fected animals in the market.
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In Turkey, the LSD is not treated because LSD is a
notifiable disease. For this reason, the loss of the en-
terprise owners is paid by the state. Therefore, treat-
ment costs were not considered while calculating the
production losses. However, in other studies, treat-
ment costs have accounted for 27.9 GBP (USD 39.46)
in Jordan [2] and 28.7 EUR ( USD 34.96) per animal
in Albania [21].

Within the scope of the research, the lack of informa-
tion about the gender of animals affected by LSD in
Turkey and the cost of protection-control strategies and
the effect of the vaccine used on the disease constitute
the limitation of the research.

Conclusion

The SEIR model contributes significantly to identifying
animal epidemics and modelling their dynamics, control-
treatment, and eradication studies. In this study, we have
applied the SEIR model to determine the prognosis of
LSD and have predicted that practices such as controlling
animal movements, effective quarantine practices, fight
against vectors, year-round vaccination, prevention of the
entry of infected animals into safe herds, increasing the
capacity of monitoring, and monitoring the disease will re-
duce the economic losses due to the disease.

In conclusion, in LSD-infected animals, significant eco-
nomic losses are incurred due to reduced milk yield and
body weight, spontaneous abortion, infertility, and re-
duced skin value. Disease control and eradication prac-
tices, such as restrictions on animal movements due to
illness, vaccination activities, restriction of animal product
trade, and destruction/culling of animals, are the most fre-
quently used methods in combating the disease.

Methods
Data set
The materials used for this study were the data on the
LSD disease outbreak in Turkey in 2019 [31]. Monthly
data of 179 LSD outbreaks in 30 Turkish provinces were
obtained from the OIE database. The descriptive statistics
on the outbreaks were evaluated using SPSS version 20
[40].

The definition of the outbreak is expressed as seeing
one or more cases in a livestock enterprise [32].

SEIR model

The SEIR model is a compartmentalized model devel-
oped in the early 20™ century by Kermack and McKen-
drick [22]. The model was based on differential
equations and simplified the mathematical modelling of
infectious diseases with significant incubation periods
[10]. The model is based on a homogeneous and con-
stant population and has four compartments: Susceptible
(S), Exposed (E), Infectious (I), and Recovered (R).

Page 7 of 10

Susceptible (S) represents the individuals entering the
population by birth or immigration; Exposed (E) repre-
sents the number of individuals in contact with Infec-
tious (I) during the incubation period; Infectious (I)
represents the number of infected individuals; and Re-
covered (R) is the number of individuals recovered from
the infection [47]. The individuals in the model progress
successively along with these compartments.

An SEIR model is evaluated in two parts. The first part
is the transmission dynamic, including population inputs,
basic reproductive number (R;), and transmission time.

Population inputs (size of the population and number
of initial infections), basic reproductive number (R,), and
transmission times (length of the incubation period, the
duration for which the patient is infectious) are the dy-
namics of the model, and are calculated based on the
following differential equations for S (), E (¢), I (t), and
R (1)

ds(t) I
—ar - Py
dE(t) I

dt = 'BSN — kE
di (o)
T =kE — ¥l
dR(®) _

.

NO=SO+E@®+I®H+R(®

where the parameters 5, k,and ) and the number of
secondary infections produced by each infected individ-
ual, known as the basic reproduction number (R,) are
determined. The above parameters represent the propor-
tion of a specific population among the total population
and are calculated as described by Legrand [23] and Diaz
[10] as follows:

R;
" Duration patient is infectious

B

1
= Length of the incubation period

1
T = - ; — p
Duration patient is infectious
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Table 3 Parameters in the LSD dynamics model.
Dynamics Inputs Values  References
Transmission Population Size of population 18070500 [25]
dynamics Inputs Number of initial infections 1 Expert Opinion
Basic Reproduction Number Ry Measure of contagiousness: the number of secondary ~ 0.87 [12]
infections each infected individual produces.
Transmission  Length of the incubation period 28 (day) [31]
fimes Duration patient is infectious 35 (day) [31]
Clinical Mortality Case fatality rate 952 %) [18]
Dynamics Statistics Time from end of incubation to death 4-6 [15]
(weeks)
Recovery Recovery Times Length of hospital stay 4-6 [15]
Times (weeks)
Recovery time for mild cases 4-6 [15]
(weeks)
Care statistics Hospitalization rate 7148(%) Calculated From
Data Set
Time to hospitalization 30-45 Expert Opinion
(day)

The second part is the clinical Dynamics, comprising
the Mortality Statistics (Case fatality rate and time from
the end of incubation to death), Recovery Time (length
of hospital stay and recovery time for mild cases), and
Care Statistics (Hospitalization rate and time to
hospitalization).

The transmission and clinical dynamics of LSD are
presented in Table 3.

An online SEIR model simulator was applied to model
the LSD infection and determine the disease dynamics [17].

Calculation of production losses

In the calculation of animal production losses caused by
LSD, 50% of sick animals were evaluated as dairy cattle
and 50% as beef cattle. Since the information of the sex
of the dead animals could not be obtained from in the
analyzed data set, the loss of body weight, carcass, and
skin was considered to calculate losses per infected ani-
mal in the beef cattle, while the loss of milk vyield,

Table 4 Estimation of LSD-related production losses in cattle

spontaneous abortion, and stillbirth were added to the
above losses in the dairy cattle. The effect of LSD on
buffaloes was not calculated as the buffalo population in
Turkey is negligible.

Production losses due to LSD infection [14, 42, 46] are
covered in the analysis of economic loss, the items and
calculation procedures for which are presented in Table
4. While calculating the production losses, loss of milk
production, live weight, carcass meat, spontaneous abor-
tion and stillbirth, and weight of skin were estimated. It
was assumed that the losses caused by LSD did not
affect the market of animal products. Economic costs
and losses due to the use of fertilizers, biosecurity mea-
sures, and insecticide applications, especially the losses
due to fertility, were overlooked. The missing compo-
nents and calculation procedures are presented in Table
4.

The details and sources of technical and financial data
used in the analysis are presented in Table 5.

Missing Component Calculation method:

Loss of milk production (1)
Body weight loss (Il)

Carcass meat loss (lll)
Yield

Spontaneous Abortion and Still Birth loss
(V)

Loss of skin (V)

Total Loss (I+1H1+IVAV)

Number of Animals * Decrease in Daily Milk Yield (L) * Average Number of Days * Average Milk Price
Number of Animals * Average Carcass Weight (Kg) * CA Decrease Rate (%) * Average Live Beef Price

Number of Animals * Average Carcass (Kg) * CA Decrease Rate (%) * Average Carcass Price * Carcass

Number of Animals * Spontaneous Abortion and Still Birth Rate (%) * Average Calf Price

Number of Animals * Average Skin Price
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Table 5 Epidemiological and production parameters used in
the estimation of LSD-related production losses in cattle in
Turkey

Parameters used in the analysis Value Reference
Technical Parameters

Total number of animals (head) with LSD 1282 [31]
Milk Loss (L/head/day) 53 [42]
Female Carcass Weight (Kg/head) 387 [4, 43]
Male Carcass Weight (Kg/head) 460 [4, 43]
Live Weight Reduction Rate (%) 6.22 [14]
Female Carcass Yield (%) 55 [41]
Male carcass yield (%) 60 [41]
Spontaneous Abortion and Still Birth Rate (%) 3 [46]
Financial Parameters

Milk price (TL/L) 23 [48]
Carcass Meat Price (TL/kg) 29.33 [16]
Live Beef Price (TL/kg) 1731 [16]
Calf Price (TL/head) 3.500 [11]
Skin Price (TL/piece) 45 [19]

Abbreviations
LSD: Lumpy Skin Disease-LSD; SEIR: Susceptible (S), Exposed (E), Infectious (1),
and Recovered (R); USD: United States Dollar
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